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In the two papers that comprise this thesis, I will discuss the dietary complexes of two
separate Southwestern archaeological sites excavated in the 20th century through the medium of
coprolite analysis. The fusion of microscopy techniques in this project expands the capability of
observation and identification of microremains and their use in reconstructing the dietary habits
of past peoples. I intend to highlight the value of integrating three separate methods of
microscopy for the identification of diet and any practices for using that information to narrow
down a coprologically unstudied site location for samples of lost provenience. Additionally, this
project aims to construct dietary habits from both sites to continue the discussion of
Southwestern paleonutrition and cultivation methods. Chapter three discusses the Dyck Cliff
Dwelling (DCD), occupied between A.D. 1000-1300. This site was the focus of a decade-long
field excavation, but this is the first dietary reconstruction based on microscopic and
macroscopic remains in coprolites. This evidence revealed a broad nutritional diet of agricultural
produce augmented by wild food resources. Consumption and horticultural practices are
indicated through these pieces of information. In the fourth chapter, I examine the Arid West
Cave (AWC), a site discussed by Wibowo, et al. (2021) in an article about the human gut and
ancient microbial genomes. A place of origin for this cave is never given; two potential areas are
mentioned as candidates, but true identification of origin is never researched. Therefore, the
second paper in this thesis aims to identify the origin for these samples, at least in general terms,

in addition to the analysis of the dietary remains. Historical literature and comparative dietary
material with other Southwestern sites narrowed down the potential location of these unidentified
samples. In addition to illustrating technical methods, this thesis expands upon the discussion of
paleonutrition in the Southwest and the variety of cultivation practices and recipes that develop
through the chronological history of Puebloan peoples.
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CHAPTER 1: INTRODUCTION/PURPOSE
The two papers that comprise this thesis explore the day-to-day dietary habits of
Southwestern people: Sinagua and Ancestral Puebloan. Both papers are based on using a fusion
of various microscopic methods. Microscopy has been used in dietary reconstruction since the
inception of coprolite analysis (Bryant, 1974). It allows for the observation, imaging, and
identification of a myriad of microscopic elements, including but certainly not limited to
parasites, plant debris, silica, entomological elements, and pollen grains. Light microscopy is a
tried-and-true method but newer techniques such as scanning electron microscopy (SEM) allow
expansion in the types of remains that can be identified and greater specificity for some taxa.
This thesis aims to further develop these methods, supplying added and novel models for
its continued and expanded employment in archaeological dietary reconstruction. In addition,
this project conducts the dietary reconstruction of a site previously lacking such analysis and, in
another case, it uses dietary data to help identify the geographical placement of a “lost” site. This
thesis serves to demonstrate the utility of this approach using coprolites from two sites in the
North American Southwest: the Dyck Cliff Dwelling (Bostwick & Adams, 2020) and the Arid
West Cave (Wibowo, et al., 2021). The Dyck Cliff Dwelling (DCD), discussed in chapter three,
resides in a canyon just off the Colorado Plateau and was the primary subject of this thesis. Since
the site occurs in an area lacking in human coprolites studies, I was curious in how the DCD
samples would compare to that of documented dietary material from other Southwestern sites.
To further explore the utility of multiple microscopy techniques as well to broaden the scope of
investigation of Southwestern paleonutrition, the coprolite samples from the Arid West Cave
(AWC) were integrated into my research and form the subject of chapter four. Several
approaches were used for both sites.
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Figure 1.1. --Map of the Four Corners area displaying the locations of both the Dyck Cliff
Dwelling and the Arid West Cave.

Literature was a major aid to the delineation of the Arid West Cave (AWC), relating
findings from the Samuel Guernsey expeditions of the 1920s (Guernsey, 1931) to what
knowledge we had of the AWC samples. Radiocarbon dates of three samples from AWC
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matched the Basketmaker III time periods that were addressed and identified in the Guernsey
excavation report (1931). In 2020, Todd Bostwick and Karen Adams published a book
documenting the excavations and findings of the Dyck Cliff Dwelling (DCD) over 10 years of
fieldwork. Additional literary material was used to supplement further questions and data
recovered from the coprolite samples. Had this project gone without the assistance of these
literary aids, recovered data from these coprolite samples would have fallen short of what we
know about them now. These texts helped to supplement the dietary data recovered through
microscopy techniques and lead us to a better understanding of the paleonutrition of these two
Southwestern sites: one novel and the other geographically unknown.
Most important were three separate microscopic methods used for dietary reconstruction.
These consist of light or compound microscopy (LM), binocular dissecting microscope, and
scanning electron microscopy (SEM). Each of these worked in tandem and complimented each
other for the identification of the remains recovered from the coprolites of these sites. The depth
and complexity of information obtained are owed to this fusion technique of microscopy
methods. This approach will be explained in detail as this thesis presents information from both
sites.

The Dyck Cliff Dwelling
The Dyck Cliff Dwelling (DCD) is a small Sinagua cliff dwelling (Figure 1.2) found on
private land southwest of Montezuma Well and upstream from Montezuma Castle, both of which
are part of a National Monument (Figure 1.3). More than 50 years ago, DCD was the focus of a
multi-season excavation project. A large quantity of extraordinarily well-preserved materials was
recovered, including coprolites. Nine rooms were built within the rock shelter, one of which was
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ceremonial. Recovered macrobotanical remains consisted of a variety of elements: agave stalks,
prickly pear pads, mesquite pods, and maize kernels & stalks. Until now, a microscopic analysis
of the coprolites from the site had not been conducted; therefore, the information presented in
this study is novel. Just off the Colorado Plateau, DCD presents a set of data we can use to
establish a deeper understanding of the sedentary, cultivation lifestyle of the Sinagua and Verde
Valley culture. The diet was diverse and included maize, beans, squash, agave, yucca, cactus,
and other wild foods.

Figure 1.2.- The Dyck Cliff Dwelling Annex (left) and its main alcove (right) (Bostwick &
Adams, 2020).
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Figure 1.3.-- Location of Dyck Cliff Dwelling and some of the sites mentioned in the Bostwick
& Adams (2020) book which have comparable archaeological collections to the Dyck materials.
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The Arid West Cave
In recent decades, dietary material from coprolites has begun to reveal its importance in
understanding the sites of past peoples. Early in the 20th century, coprolites were rarely
considered a material of importance to many excavators, and many dietary remains have likely
been discarded due to a lack of awareness of their value (Bryant, 1972; Reinhard, 1974). The
Arid West Cave (AWC) coprolites are one example of the value of palaeofaeces to
archaeological research. A Nature Article in 2021 by Wibowo, et al. introduces these samples
and postulates a couple of possibilities for their origin. The samples were stated to be from the
Peabody Museum of Archaeology and Ethnology at Harvard University, collected on one of its
many projects to the Southwest. By process of elimination, Wibowo et al. narrowed it down to
either a project from 1920 to 1923 in the Kayenta Region of Arizona, or another project in
eastern Utah from 1928 to 1931 known commonly as the “Claflin-Emerson Expedition.”
Wibowo et al. (2021:7) state that the samples “are without location labels,” and “exact location is
not critical.” The exact location might not have been important with regard to their purposes, but
this notion contradicts the key factor of context within archaeology. The location of these
samples is a vital factor for their full interpretative value and archaeological documentation.
Therefore, this part of the thesis seeks to identify the region of origin from which these samples
came, using dietary reconstruction methods and literature as empirical evidence for
identification. This is a form of forensic analysis to define the area in which these samples came
from and identify subsistence data to understand the dietary patterns in this region.

7

CHAPTER 2: PALYNOLOGICAL FOUNDATIONS AND METHODOLOGY
Pollen grains have a swath of morphological, physical characteristics that must be
understood and that allow for their identification in microscopy. This can be likened to the
analysis of osteological remains; a variety of landmarks and features manifesting upon a bone
surface (or pollen grain) allow for the identification of the element and species, genus, or family.
Palynological remains necessitate a similar caliber of investigation and scrutiny; only a trained
eye can distinguish these finer morphological differences facilitated by the use of a comparative
collection. This section will not intend to list all features observable from palynomorphs, simply
to orient the reader for the subject matter presented in this thesis. All the terms used herein are
defined in the glossary (Appendix A).
The structure of a pollen grain is complex and observable in varying aspects depending
upon the method applied, preservation of the pollen grain, and ornamentation of the grain in the
field of view. Different terminology has been introduced by Erdtman, Faegri, and Saad (1963),
creating a confusing spectrum of vocabulary (Punt, et al., 2007) illustrated in Figure 2.1. For the
purposes of this study, Faegri’s (1989) nomenclature is used as it is the least complicated and
easiest for application.
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Figure 2.1.-- Pollen ultrastructure nomenclature established by Erdtman, Faegri, and Saad
describing sporoderm (Punt et al., 2007). Faegri’s nomenclature is as follows: T – tectum, C –
columella, FL – foot layer, En – endexine, and I – intine.

For pollen, the features most crucial to identification are the surface structure, aperture
type, number of apertures, and grain shape and size. A variety of other criteria exist, but in this
thesis, these five relate most importantly to the recovered dietary remains. Feature differences
can distinguish pollen grains down to their specific taxonomic classification, whether family,
genus, or species (University of Vienna, n.d.). The relevant nomenclature will be covered in this
section of the chapter.
Surface structure, or ultrastructure, is likely the most important feature and the first
observable characteristic of any pollen grain. This outer layer is constructed of sporoderm. It
manifests in a variety of different forms: psilate, echinate, striate, verrucate, scabrate, reticuloid,
reticulum, and bireticulate. These sculptural elements characterize the tectum or the outer layer
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of the pollen grain visible in microscopy. Features such as echinae, verrucae, and scabrae will
develop from the tectum, ornamenting the outer layer. The images Figures 2.2-2.4 demonstrate
the differences between these sculpturing forms. A Malvaceae, Poaceae, and Cleome grain are
shown, each with distinct and characteristic features that individualize them from one another.
Figure 2.2 is a Malvaeceae pollen grain. The surface structure of this taxonomic family is
echinate, as shown by the spinous ornamentations extending from the tectum longer than 1µm.
The grain here is crushed, however, its structural elements are clearly visible. Malpreserved
grains are not uncommon in archaeological samples yet can still be used for identification.
Figure 2.3 is a Poaceae pollen grain. The grains family of plants is characterized by a singular
pore on its surface, i.e., monoporate. Through light microscopy, this grain appears psilate, or
smooth on its surface. However, through SEM (Scanning Electron Microscopy), the surface of
microechinae is visible. Among the microechinae is a surface of scabrae, the bumps visible that
are no larger than 1µm. Figure 2.4 is a Cleome pollen. This grain is a tri-aperture pollen, either
manifesting as colpate or colporate, as seen here. This tricolporate grain is viewed from its
equatorial side, both pore and colpus plainly visible. The surface structure is reticulate, a net-like
pattern that characterizes the pollen grain.
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Figure 2.2.- Malvaceae pollen, crushed with echinate surface structure.
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Figure 2.3. Poaceae pollen grain showing its characteristic single pore and relatively smooth
surface. Note that the material on the left and lower part of the grain is debris, not part of the
pollen.
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Figure 2.4. Cleome pollen with a tricolporate aperture and reticulate surface structure.

An aperture is a thin or missing part of the surface structure, which is distinctive from the
patterning of the exine. Apertures are present on nearly all pollen grains and manifest in four
ways: porate, colpate, colporate, and transverse furrow(s). Pollen grains with pores are porate
and those with colpi are colpate; if both are present this is called colporate. These are oriented in
diverse patterns upon the pollen’s outer layer, whether that be situated on the equator or
distributed all about the grain. Formations consist of stephano-col(por)ate, periporate,
syncol(por)ate, and parasyncol(por)ate. The examples shown in Figures 2.5-2.8 include Cleome,
Sarcobatus, and Hordeum grains. Other features can manifest within apertures; the appearance of
the operculum, for example, is quite present in the samples analyzed from these sites.
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Figure 2.5 displays another Cleome grain, this one with colpi rather than the colporate
aperture shown in the previous image. The reticulate surface that is characteristic of this genus is
evident. Figures 2.6 and 2.7 are images of a Sarcobatus grain. This grain is characterized by its
periporate aperture ornamentation. These pores are aspidate, the swollen appearance around each
aperture in view. Sarcobatus consists of numerous pores evenly distributed about the grain.
Figure 2.7 is a close-up of this pollen’s aperture with a visible operculum. Opercula will often be
observed in the pores of some grains, indicating direct pollen consumption. Rather than
appearing hollow, the pore will look clogged or filled with sporoderm. Figure 2.8 shows another
example of a Poaceae pollen grain.

Figure 2.5. Cleome pollen. This grain is tricolporate, with three colpi visible. Pores are obscured
by the orientation of the grain.
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Figure 2.6. Sarcobatus pollen. This grain is characterized by its periporate aperture
ornamentation. These pores are aspidate, the swollen appearance around each aperture in view.
Sarcobatus consists of numerous pores evenly distributed about the grain.
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Figure 2.7. Close-up of a Sarcobatus pollen aperture with a visible operculum. Opercula will
often be observed in the pores of some grains, indicating direct pollen consumption. Rather than
appearing hollow, the pore will look clogged or filled with sporoderm. If the pollen grain had
been transported by wind before being consumed, the ephemeral operculum would have been
oxidized. For cheno-am type pollen, the presence of opercula is essential to infer direct
consumption, along with high concentration values.
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Figure 2.8. Poaceae pollen. This again demonstrates the appearance of a monoporate grain. The
aperture is seen at the top of the grain in this image.

As important as the orientation of the aperture(s) are, so too are the numbers that appear
upon the pollen grain. Aperture count can range from 0-40+ colpi or pores. The number of
apertures is indicated by prefixes: mono-, di-, tri-, tetra-, penta-, hexa-, poly-, etc., using the
previously mentioned aperture terms.
Categories of pollen shape are based on the relations between the polar axis (P) and the
equatorial diameter (E). These measurements indicate size which can vary amongst grains, at the
family, genus, and species level. The lengths of these factors define the ratio of the pollen grain,
by P:E. Ratios of the pollen grain describe the shape class; a myriad of classes exist: prolate,
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prolate spheroidal, oblate, oblate spheroidal, suboblate, subprolate, peroblate, and perprolate
(Punt, et al., 2007).

Figure 2.9. Examples of pollen grain shape classes (Punt et al., 2007).

When analyzing pollen grains, one must scan for these and other features for
identification. Microremains, whether under a compound light or scanning electron microscope,
can become easily obscured by additional debris and fungal smut. Such contaminants are
impossible to eliminate from samples but can be mitigated through various methods. Regular
observation, collaboration with colleagues, and the use of reference samples and databases is the
best practice for training one’s eye to see through the sea of microscopic debris.

Materials and Methods
Twelve samples from the Dyck Cliff Dwelling were submitted to the Palynological
laboratory at the University of Nebraska Lincoln at Hardin Hall. An average of 2.4 g per
coprolite sample was available for sampling and were processed. Eight samples from the Arid
West Cave collection were submitted to the same laboratory. An average of 0.29 g per coprolite
sample was available for sampling and were processed.
All samples were assigned a specimen and lab number. Each was also logged in a lab
notebook with additional provenience information. The shape, size, and content of each coprolite
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were also recorded along with additional relevant observations related to taphonomic processes,
etc. All coprolites were subsampled, weighed, and recorded, then rehydrated in 0.5% trisodium
phosphate for a 48-hour period. Lycopodium tablets (batch # - 124961; each containing 12,500 +
400 spores) are added to the rehydrating samples. One tablet was added per gram of coprolite.
The rehydrated coprolites and dissolved Lycopodium tablets were then disaggregated with a
magnetic stirrer. This procedure releases microfossils that may otherwise be trapped within the
plant remains. A 250-µm mesh was used to screen each sample, separating macrofossils from
microfossils. The fluid passing through the screen was collected in a large glass beaker and then
transferred to 100-mL centrifugation tubes. All samples were centrifuged, and the concentrated
solid microscopic remains were then transferred to 50-mL tubes for microfossil extraction. The
macroscopic remains on top of the screen were transferred to blotter paper and dried for analysis.

Macrofossil Dietary Analysis
Once the macrofossil remains were dried, all were screened through 2.0, 1.0, and 0.5 mm
geological sieves. The screened remains were then examined using a binocular dissecting
microscope. Each was sorted by hand using various utensils: forceps, probes, tweezers, and
wooden spatulettes. Identification of plant remains was made utilizing seed comparative
collections and online seed-image databases. The botanical chapter of the Dyck Cliff Dwelling
excavation (Bostwick & Adams, 2020) was used for reference in that site’s analysis. Botanical
analysis for the Kayenta region of Guernsey’s expeditions was also used for reference in the case
of the Arid West Cave analysis. These comparative sources were used to further identify
microremains observed in microscopy. Occasional wet mounts were made with plant tissue to
examine cellular and phytolith arrangements under the compound microscope. In the same vein,
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plant tissue was mounted on SEM stubs when further observation of the structure was needed. In
all the work the extensive experience of Dr. Karl Reinhard was drawn upon.

Microfossil Dietary Analysis
The microfossil analysis was conducted by first examining for parasitological evidence.
Numerous slides were analyzed at 250 x and 400 x magnification. These were scanned for all
observable microremains. All observed remains were quantified up to a total of 200 microfossils,
of which each numerical factor was applied to the following formula (Pearsall, 2016):
MPG=[(p/m) x a]/v
where MPG is microfossils per gram, p is the number of microfossils counted, m is the number
of Lycopodium spores counted, a is the number of Lycopodium spores added and v is the
quantity of sample processed. Lycopodium tracer spores are the key to microfossil quantification,
analysis, and interpretation from coprolite samples. Lycopodium tablets (batch # - 124961; each
containing 12,500 + 400 spores) are added to the rehydrating samples. One tablet was added per
gram of coprolite (and more if any received a larger amount).

Light Microscopy
Light microscopy (LM) was used for quantification and initial identification of the
parasite, nonpollen, and pollen remains in these samples. Parasite eggs were the first
microremains scanned for, yet a month of analysis and innumerable slides later, only one egg
was found among the collection. One egg gives no indication of parasitism at any site, and as my
mentor Karl Reinhard says, “One of something is one of nothing.” Thus, the search continues
into plant remains (Reinhard, 2017).
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Analysis continued to the recovery of general dietary debris. This included matter such as
starch grains, calcium oxalate phytoliths, plant tissue, animal hair, trichomes, seed coats, and any
other relevant dietary material observable through LM. Most of these elements are visible and
identifiable to the naked eye, due generally to distinguishable morphology and studied
characteristics discussed in the chapter section preceding this one. Starch grains proved to be an
elusive quantifiable element early on, therefore the use of polarized light and phase contrast
microscopy was employed.
Polarized Light: A Beacon for Lignification
The polarized light method (Reinhard, n.d.) allows for the identification of lignified
elements. Through polarized light, these items “fluoresce” within phase-contrast light and dark
crosses appear in the starch element. These are termed interference crosses. The fluorescence of
the starch grains comes from the redirection of light through their glucose polysaccharide
structure.
Lignin is a critical part of the formation of cell walls both internally and externally in
plant structures (stem and plant hairs respectively). Rings and spirals of lignin comprise transport
tube complexes in leaves and stems called xylem; these transport water and nutrients. Plant
hairs, also known as trichomes, are used to identify leaf remains. During digestion, bean seed
coats, or sclereids, are separated and can appear as individual structures. Macrosclereids are
lignin columns that compose seed coats. Plant hairs, macrosclereids, lignin rings, and spirals are
all lignified. Light is bent as it passes through lignin structures. This is visible in polarized light.
The use of these methods is important to this analysis. Utilizing polarized light and phase
contrast allowed for immediate and indisputable identification of lignified microfossils. Starch
grains often are quite transparent and small, a recipe for easy error, especially during prolonged
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analysis. The starch and lignified structures that fluoresced act as beacons to these
microbotanical elements, alleviating the stress of missing the quantifiable structures in your
work.

Scanning Electron Microscopy
The scanning electron microscopy (SEM) lab in the Beadle Center on the campus of the
University of Nebraska Lincoln was used for surface imaging of plant remains from both
Southwestern sites. High magnification of these elements allows us to observe the detailed
surface structure of microfossils, a benefit not available in light microscopy. An example of this
difference in detail is shown in Figure 2.10 with Cleome pollen. Note the visible difference in
surface structure displayed between the light microscope (LM) (Figure 2.10a) and scanning
electron microscopy (SEM) (Figure 2.10b). Transmitted light through the grain allows use to see
internal structures in LM which are invisible in SEM. Cleome pollen has internal transverse
furrows beneath the external pores. In LM, the pores appear very clearly as prominent features of
the grains as indicated by arrows. These internal features are invisible with SEM. However, SEM
provides a way of seeing the surface at a very high resolution (Figure 2.10b). The pores are
visible only when the grains are distorted by compression. In this case, the width of the internal
transverse furrow is reflected by the buckle in the surface running perpendicular to the colpus. In
addition, this grain shows a bi-reticulate structure. The net-like pollen reticulum is composed of
walls (muri) surrounding depressions (lumens). For bi-reticulate pollen, the lumens of the larger
mesh (suprareticulum) are filled with a smaller net (microreticulum).
SEM also allows us to perceive the true structure of the outer layer of pollen grains; for
example, in light microscopy Poaceae grains will appear psilate, however through SEM they are
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distinctly microechinate (Figure 2.11). The LM image of a Poaceae grain reveals smooth
(psilate) outer layer, which is typical from this method of microscopy. The SEM image reveals
that the surface of the grain is no longer psilate but has a microechinate structure; this
characteristic is not visible through traditional compound light microscopy.

a
b
Figure 2.10. Contrast in surface morphology of Cleome pollen under different microscopy
techniques: a) light microscopy; b) scanning electron microscopy

a
b
Figure 2.11. Contrast in surface morphology of an Poaceae pollen grain under different
microscopy techniques: a) light microscopy; b) scanning electron microscopy.
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Upon observation and identification, microfossils were then captured using imaging
software with the Hitachi S4700 FE-SEM microscope. Dr. You (Joe) Zhou, professor of
biotechnology research at UNL, conducted training in the use of this microscope and aided in
proper focus, framing, and stigmatization of images. Additional images of the nexine, apertures,
and supratectal elements would be taken when deemed useful for analysis. These were then
compared with other pollen grain images for verification, such as the Palynological Database
created by the University of Vienna (University of Vienna, n.d.).
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CHAPTER 3: THE DYCK CLIFF DWELLING
The Dyck Cliff Dwelling (DCD) is a small Sinagua rock shelter located in Arizona, just
upstream from Montezuma’s castle. Other sites, such as Tuzigoot and Oak Creek Valley Pueblo
are nearby within a 20-kilometer (about 12.43 mi) radius see Figure 1.3 (Bostwick & Adams,
2020). DCD is located on private land owned by Paul Dyck at the time of excavation. This site
was the focus of a multi-season excavation project from 1962 to 1972 that uncovered a complex
site, containing a variety of faunal remains, human habitation features, lithics, and
ornamentations. Nine rooms, one of which was ceremonial, were found. The Dyck Cliff
Dwelling occurs in an area lacking in dietary reconstruction based on the analysis of macro and
microremains in human feces. Its setting is off the Colorado Plateau in an area of transition to the
lower Sonoran Desert. The goal of this research is to gain an understanding of dietary practices
at this rockshelter and see how it might contrast with other Southwestern sites.
The tributary of Beaver Creek where the Dyck site is located is a part of the Verde River
Valley. One of these channels of the creek runs just below the cliff dwelling on the Dyck Ranch
land (Bostwick & Adams, 2020). A variety of wild plant and animal resources are found amidst
the region, and different communities located within separate elevation zones, ranging from
3,100 to 4,500 ft (945-1,372 m). These include a Desert Grassland zone, a nearby Juniper-Pinyon
Woodland zone, and a Montaine Conifer Forest are all present. Annually, this area receives an
average of 12 inches (30.5 cm) of rainfall during the winter and summer storms. This combined
with a minimum growing season of 180 days creates a “verdant paradise well suited for farming”
(Bostwick & Adams, 2020).
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Figure 3.1. View of the mesa on the west side of Beaver Creek, looking northwest (Bostwick &
Adams, 2020).
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Figure 3.2. The channel of Beaver Creek in front of Dyck Cliff Dwelling (Bostwick & Adams,
2020).

The land on which DCD is located was owned by Paul Dyck; a 312-acre plot of farmland
purchased in 1938 in Rimrock, Arizona. He had a history of close contact with several Native
American groups, which sparked his life-long interest in the Plains Indian culture (Bostwick &
Adams, 2020). A concern over damage to the cliff dwelling arose in the 1950s, bringing Paul
Dyck to ask Dr. Charles Rozaire to conduct a professional excavation of this site on his land. The
anticipated timeframe drafted for this project was to be “a year or two” in Rozaire’s initial report
(Bostwick & Adams, 2021, p. 20). However, as the excavations took place, the site continued to
become more and more extensive, turning a two-year project into a decade-long investigation of
this Verde Valley site.
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Dietary Data Overview
In the following section I present an overall summary of dietary evidence recovered from
the coprolite samples analyzed from the Dyck Cliff Dwelling. This is done on a specimen-byspecimen basis with details provided in Appendix B.
Sample 262 hosts a good spectrum of dietary matter. It is comprised heavily of
macrosclereids, bean seed coats, indicating a large consumption of beans. Its macroremains
contain an abundance of maize kernels and prickly pear seeds. The presence of these seeds
signifies the ingestion of the fruit in this sample. Masses of animal hair are observed in these
macroremains and match that of rodent hairs. Woodrats were a supplemental game resource for
Southwestern populations, and their osteological remains are observed at DCD (Bostwick &
Adams, 2020). Various forms of maize starch are recorded here as well, including fermented,
pristine, and ground. This indicates processing prior to consumption.
Sample 274 is dominated by prickly pear pollen (Figures 3.3 & 3.4), with over 44,000
pollen grains to the half gram of sample analyzed. The abundance of this grain signals the
ingestion of buds from prickly pear cactus. A further indication of this is represented by the
association of multiple Opuntia grains together (pollen clumps). Bean is also well represented in
this sample, with seed coats numbering over 200,000 counts per gram. Bean starch is also
observed. Curiously, a fragment of cordage in association with Opuntia pollen grains was also
(Figures 3.5 & 3.6), with its knotting pattern plainly visible. This might seem like a strange find
among dietary matter but perhaps to be expected for people who commonly use their teeth as
tools for expeditious snipping to sinew or yucca/agave fibers.
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Figure 3.3. An Opuntia, or prickly pear pollen grain; they are quite large, usually in excess of
100 µm. The pores on this pollen are periporate/ulcate/sulcate, meaning they are oriented all
around the grain. Periporate is a common palynological term, however many palynologists will
also use these alternative descriptors. Apertures arranged in this fashion are normally associated
in multiples of three.
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Figure 3.4. This field shows multiple Opuntia pollen grains in view. This is indicative of the
consumption of both pads and buds from the fruit of this cactus plant.
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Figure 3.5. A knotted piece of cordage found in sample 274. You can see it is neighboring two
prickly pear pollen and Lycopodium spore on the west side field of view. Even at this scale, the
intentional knotting pattern is visible.
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Figure 3.6. A close-up of the knotted cordage.

Sample 372 is heavily dominated by grass pollen, with 148,462 grains comprising each
gram of sample. Ustilago maydis and Cheno-am were also observed but in considerably smaller
numbers. Macroremains included aspects of maize, well-milled amaranth seeds, Dropseed, as
well as charcoal. A fine, white dust was found accompanying some hackberry seeds, which were
discovered to be calcium carbonate from the hard pit of the fruit. Traces of sunflower seed coats
were also observed.
Sample 371’s nonpollen microremains contain a source of grass epidermis, accompanied
by various other cellulose elements, i.e., phloem, xylem, sections of cells, etc. Poaceae pollen
number 850,000 grains per gram, a figure easily denoting habitual dietary consumption. This is
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correlated with the high degree of spindle-shaped fibers recovered, 4,250,000 per gram with
microremains. Large clumps of fibrous residue are also seen in the macroremains. Hackberry
seed casings are present, consisting of the white calcium carbonate outer shell. Images of
Poaceae pollen from this sample are shown in Figure 3.7 and 3.8. One image also highlights
grass pollen in association with Cheno-am pollen (Figure 3.9).

Figure 3.7. SEM image taken of Sample 371. Multiple Poaceae pollen are seen in this field of
view taken at a low magnification, fifteen grains are visible. This proximity of grass type grains
among one another demonstrates habitual consumption of Poaceae food products.
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Figure 3.8. A higher magnification image of the same SEM field view (Fig. 4.5) of Sample 371.
Here we can identify even more Poaceae grains at a higher magnification, a total of seven
visible.
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Figure 3.9. SEM image of Sample 371, showing a minimum of five Poaceae grains in association
with a Cheno-am grain, which is the multiple pore grain visible in the northwest corner of the
image.

Sample 393 hosts three discernable grass pollen types: Zea mays, probable Sporobolus,
and probable Hordeum. The Sporobolus (dropseed) identification is inferred based on association
with macroscopic seeds and fiber. The pollen grains are typical of a number of wild grasses
ranging in size from 25-35 micrometers. Hordeum I based on the size of the pollen which range
around 40 micrometers or more. Poaceae pollen grains dominate this sample, at over 500,000
grains per gram. An abundance of cactus calcium oxalate druse crystals (2,987,500 per gram)
indicates the consumption of prickly pear pads. Also of dietary significance are agave phytoliths
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(337,500 per gram) observed from the nonpollen microremains; vascular bundles of agave were
also recorded but in nonsignificant amounts.
Sample 269 recovered large amounts of seed coats (2,775,000 per gram). The appearance
of these under light microscopy had characteristics similar to that of a turtle’s shell. Upon
inspection of the macroremains, seed shells with an identical appearance were found. These
turned out to be Cryptantha shells, a seed from the flowering plant family, Boraginaceae. A high
amount of maize remains were also found among the macrobotanicals. Pollen analysis observed
mostly Poaceae grains (60,612 per gram). This aligns with the density of macro maize remains.
Sample 278 yielded a wide variety of pollen grains, but with only a few worthy of note.
Poaceae was well represented (14,583 grains per gram) but was overshadowed by the
Brassicaceae/Salix pollen (39,583 grains per gram). However, the largest quantified microremain
found was that of Ustilago maydis, the maize fungus known as huitlacoche (243,750 grains per
gram). Other microremains consisted of tracheid's, phloem, trichomes, bean, and maize starch,
but not in abundance. Macroremains contained a variety of fragmented hackberry seeds, fusiform
cells, and abundant maize. Mesquite pods were also recovered, which may explain the origin of
the fusiform cells.
Sample 400 included a diversity of macroremains: maize, mesquite pods, sunflower
achenes, sclereid fragments, and phytoliths. Maize was the largest component of these.
Nonpollen microremains found a considerable amount of macrosclereids (3,625,000 per gram).
A single Asteraceae pollen was recovered from the pollen analysis among an abundance of
Ustilago maydis spores (684,375 spores per gram).
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Sample 365 yielded a small number of Poaceae (4,375 grains per gram) and Cheno-am
(417 grains per gram). Microremains consisted primarily of Cheno-am starch (267,500 per gram)
and thick, lignified phloem (220,000 per gram). The macroremains included prickly pear seeds
and druses; fusiform cells were also found, which may relate to the prickly pear. Curly fibers
potentially from screw bean, Prosopis pubescens, and maize remains were present as well.
Through the stages of SEM, this sample provided little to no material for recording. However, in
one of our final sessions, a fragment of a bird's down feather was recovered. This is unseen in
any other remains observed in this study. This element was in fine preservation, with much of its
rachis and barbules still intact (Figure 3.10). A feather like this is unlikely to relate to bird
consumption for food since feathers likely would have been singed off prior to or during
cooking. The feather was perhaps incidentally consumed while drinking water. The presence of
several bird families is documented at DCD, including Anatidae (waterfowl), Phasianidae
(quail), and Aphelocoma sp. (Bostwick and Adams, 2020).
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a

c

b

d

e
f
Figure 3.10. SEM images of Sample 365 of a bird’s down feather taken at multiple levels of
magnification. Multiple frames display the preservation of the feather in this sample, the element
approximately 250µm. Images c-f host the barbules that extend from the central rachis of the
feather.
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Dietary Highlights of the Dyck Cliff Dwelling
Ustilago maydis, Huitlacoche
Ustilago maydis, also known as maize fungus, huitlacoche, or corn smut, is a major
component in this dietary collection. Present in five of the eight samples analyzed for pollen, its
abundance in these coprolites and Basketmaker II and III and Pueblo III paleofecal samples
indicates a habitual consumption of this fungal growth on the Colorado Plateau (Reinhard 2006;
Battillo, 2018; Wibowo et al., 2021, this study). The discovery of this food source at the Dyck
Site shows that it was also a food for the Sinagua in the Verde River Valley. This is a key point
of this study.
Maize became a dietary staple in the Southwest soon after its introduction, though it often
leads to nutritional deficiencies. Protein resources are commonly lacking in Southwestern
nutrition. Initial horticulturalists in the Southwest lacked beans (Burrillo, 2015; Matson, 2016),
and despite turkey domestication, their husbandry was more focused upon the use of their
feathers for blankets and ritual purposes. They were not commonly used as a meat source
(Cooper et al., 2016; Lipe et al., 2016), and this notion is echoed with the Dyck Cliff Dwelling
text (Bostwick and Adams, 2020). A source for proteins was needed to combat malnourishment
in this diet. Dyck dated from A.D. 1000-1300 (Bostwick & Adams, 2020), placing it in the
Honanki phase of the Sinagua Valley. During this period people more intensively implemented
agricultural techniques to provide a larger food supply for growing population sizes. Corn fungus
is one such resource.
Huitlacoche, as named in Aztec, is a fungal infection from Ustilago maydis, growing in
infected maize kernels. They can bloat several times the size of a normal corn kernel and take on
a mottled gray color. This appearance often is unpleasant to many modern farmers and

39

consumers. However, this growth is considered a delicacy to some Native American populations,
including but not limited to the Aztec, Maya, and Hopi (Dahl, 2009; Juárez-Montiel et al., 2011;
León-Ramírez et al., 2014). Consumption of this fungus is abundantly evident in the Dyck Cliff
Dwelling samples.
The growth of corn fungus alters the nutritional content of corn kernels. This alteration is
most important with regard to protein deficiency. Huitlacoche amplifies the protein content of
maize, with estimates ranging from about 3-10% for traditional maize, to 8.8-19.3% for maize
fungus (Valverde et al., 1995, Valverde et al., 2015; Valdez-Morales et al., 2010). This
augmentation of nutritional content enhances muscle growth and maintenance of a healthy
immune system, owed primarily to the most abundant amino acid in huitlacoche, lysine (Battillo,
2018).
As discussed before, Ustilago maydis is in abundance among the samples from the Dyck
Cliff Dwelling. Corn smut was observed and identified through the use of both light and
scanning electron microscopy. The Hitachi S4700 scanning electron microscope allowed me to
confirm and image the presence of these fungal spores. U. maydis spores are especially small,
often less than even 10 µm. Examples are shown in Figures 3.11-3.12.
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a
b
Figure 3.11. SEM image displaying the density of Ustilago maydis spores present in DCD
Sample 400: a) 22 spores can be seen among debris; b) magnified SEM image from the same
field of view. Here, five spores are visible at a ten times higher magnification, emphasizing the
density of this microremain and their lower visibility at lower magnification.

Figure 3.12. A close-up of an Ustilago maydis spore from sample 400.
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Prickly Pear
Opuntia, or prickly pear, is a trunk-forming cactus grown on a crown of pads with fixed
spines. The fruits and pads of this cacti are a common part of the traditional cuisine of the
Southwest (Bostwick and Adams, 2020). During the excavation of the Dyck Cliff Dwelling,
prickly pear pads were recovered in all middens and architectural spaces; over 125 pads or pad
fragments were identified. This plant’s edible elements are high in phosphorus and vitamin C
(Niethammer, 1974) and its pads are high in calcium (Laferrière et al. 1991). Many Indigenous
groups, such as the Yavapai and Hopi, harvested the fruit and pads (Bostwick & Adams, 2020).
These edible elements were prepared in a variety of ways: burning off the thorns and boiling
them, picking the fruit with tongs, and then drying them after removing the seeds (Gifford,
1936), and even rolling them in the sand to remove the spines (Whiting, 1939).
The evidence for prickly pear found in these fecal samples is consistent with the
traditional diet. Four samples were positive for remains of prickly pear, whether in macro or
microremains. Sample 274 had the largest recovery of this plant, containing an abundance of
pollen grains. SEM images of these grains show them clumped together in a large grouping of
these pollen grains (Figure 3.14). This proximity signals the consumption of prickly pear buds.
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Figure 3.14. Clump of prickly pear (Opuntia) pollen from DCD Sample 274, with 13 Opuntia
pollen grains, along with some Lycopodium spores visible on the southern border of the image.

The presence of large quantities of calcium oxalate druse crystals in sample 393 signals
ingestion of prickly pear pads. As mentioned before, the coprolite sample contained nearly
3,000,000 calcium oxalate druse crystals per gram, indicating a significant consumption. Sample
365 hosted remains of prickly pear in its macrobotanicals, as well as 262 which contained
Opuntia seeds indicative of fruit consumption. These seeds do cause constipation, so they are not
commonly consumed (Bostwick and Adams, 2020).
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Beans - A Proportion of Diet
The Dyck Cliff Dwelling contains one dietary element absent from many other dietary
studies: Phaseolus vulgaris (bean). This shows that beans were a dietary staple for the Sinagua of
the Verde River Valley. This contrasts with other coprolite analysis for distant Pueblo Groups
on the Colorado Plateau. This discovery suggests contrasting agricultural practices for these two
cultural and subsistence traditions.
The observation of bean plant remains is not common in coprolite analysis. Therefore,
the abundance in which they are identified from this site is noteworthy and compelling, to say
the least. Ingestion of beans (Phaseolus vulgaris) is well represented from this site. Five samples
from this collection contained bean microremains, ranging from seedcoats to macrosclereids,
trichomes, and starch. Figure 3.15 shows one such bean trichome from sample 274. The high
proportion comprising the diet is important in regard to the supplementation of amino acids.
Maize, while containing a variety of minerals (iron, magnesium, phosphorus, potassium, sodium,
selenium, and zinc) is low in essential amino acids (United States Department of Agriculture
2021). This lack of nutrition was supplemented by the addition of beans to the diet of
Southwestern farmers after the Common Era. Beans are high in protein and supplement the lack
of tryptophan and lysine missing from maize (Katz et al. 1974).
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Figure 3.15. SEM image of a bean trichome from DCD Sample 394.

Boraginaceae, Cryptantha - The Turtle’s Seed Coat
During microfossil analysis, a strange seed coat was discovered in some samples. Upon
initial inspection, the membrane structure visible in LM (Light Microscopy) has an arrangement
akin to that of a turtle’s shell. Its origin was unknown at the time, so it was dubbed, “turtle shelllike seed coats” in the notes taken. Two samples contained this type of seed coat (269 & 365).
Further inspection of the macrobotanicals recovered a seed casing that consisted of a bulbous
patterning upon its outer shell (Figures 3.16 & 3.17). These fragments were quite finely ground,
less than a millimeter, and hardly visible to the naked eye. The morphology of the seed casing
was only visible through the use of the dissecting microscope or through light microscopy.
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Under the compound light, the fragmentary shell structure matched that of the mysterious seed
coats. With the help of online databases and reference images, identification was discovered in
the Cryptantha genus, a flowering plant of the Boraginaceae family. This plant is common
within the southwest, with several documented endemic species (Cryptantha barbigera, cinerea,
and atwoodii are a few examples, Higgins, 1974; Southwest T.A., n.d.; Hasenstab-Lehman and
Simpson, 2012). The remains found within samples 269 and 365 resembled that of the
Cryptantha seeds, matched by their exterior seedcoat patterning.

a
b
Figure 3.16. SEM images of a Cryptantha seedcoat showing the segmented patterning: a) clear
image helps clarify the surface morphology less distinctly when under the dissecting microscope.
b) close-up of the Cryptantha shell seedcoat. The segments appear like mesas, jutting out from
the ridges and ditches that separate them.
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Figure 3.17. Images of a whole Cryptantha seed found in macrobotanical remains of sample 269.
Comparing this with the SEM images shows the similarities between the morphological
structures.

Maize & Poaceae Pollen Morphology
As mentioned before, Sample 393 contains pollen grains of three separate grass types.
This was identified through the use of the Hitachi S4700 scanning electron microscope.
Traditional light microscopy would likely reveal some distinct characteristics between grass
pollen grains, generally size and aperture attributes. However, the discovery of a third grass
pollen grain type was only possible with the use of SEM.
Maize (Zea mays) pollen is generally quite large, its size ranging between 80-over 100µm
(Hall, 2010). Hordeum (common name barley) pollen is smaller than this, but larger than most
wild grasses. This is because Hordeum falls within the range of other wild cereals (Köhler and
Lange, 1979). Köhler and Lange observed that Hordeum is “characterized by single detached
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spinules generally not grouped in insulae.” This is the pattern I observed for Dyck Cliff Shelter
Hordeum pollen with a diameter between 25-50 µm (Hall, 2010). These two pollen types bear
similar ultrastructure upon their outer layer: a microechinate or microverrucate patterning that
winds in a pattern about the pollen grain. The surface structure of maize and barley pollen often
contains a bulbous surface structure upon which the microechinate rests (Figure 3.19). The
Hordeum grain’s surface structure is much more uniform and whole rather than segmented. A
single pore occurs on these grains and is often observed with a visible operculum (Figure 3.19).
Having a pore with a visible operculum indicates direct consumption of pollen.
Our third grass pollen grain type was discovered in the latter phase of analysis with SEM.
Sample 393 was under analysis when I noticed a marked difference in some of the smaller grass
pollen grains. The size of these grains was comparable to that of other Hordeum pollen, but the
surface structure seemed notably different. Rather than the characteristic uninterrupted surface
common to Poaceae pollen, these had a segmented texture that resembled small islands, or
insulae to use Köhler and Lange’s term. As shown in Figure 3.20 the microechinate surface(s)
rested upon islands of the outer layer in small clusters isolated by canals. These islands of
microechinae generally appear in a star-like shape. These distinct grass pollen grains can be
attributed to some species of Sporobolus, or dropseed grass, the macroremains of which were
observed in several samples.
Poaceae is a pollen grain type that was expected for observation from this site. Zea mays,
Hordeum, and Sporobolus are common aspects of the Southwestern diet, however, the discovery
of structural difference that composes the Sporobolus grain is a novel observation. Light
microscopy alone likely would have lumped Sporobolus and Hordeum grains together due to
their comparable size. However, analysis with SEM provided the capability to see distinctive
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microscopic structures in exquisite detail not possible through traditional microscopy. If nothing
else, this exhibits the benefit of scanning electron microscopy in coprolite/dietary analysis.

Figure 3.18. SEM image of Hordeum pollen in DCD Sample 393. In view here a total of six
pollen grains are visible, and three are large enough to measure.
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a

b

c
d
Figure 3.19. SEM images of Hordeum (barley) pollen grains in DCD Sample 393; Grains are
roughly 30 µm. The surface structure is microechinate, small spinous elements protruding from
the tectum. Image a) displays the entire Hordeum grain; b) detail of its surface structure, which
contains an underlying bulbous surface; c, d) display another Hordeum grain with a visible
operculum; the presence of this element indicates direct consumption of Hordeum pollen.
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a
b
Figure 3.20. SEM images of Sporobolus pollen grain in DCD Sample 393. The surface consists
of a microechinae, like other grasses. However, as shown in this image, clusters of echini are
segmented by channels throughout the Sporobolus grain. This is the feature designated as
“spinules generally not grouped in insulae” (Köhler and Lang, 1979). This is distinctly different
from the uninterrupted structure of the Hordeum. Image a) close-up of the pore; b) entire grain.
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Figure 3.21. SEM image of Zea mays pollen grain in DCD Sample 393. Maize grains are larger
than their companion Poaceae pollen. This grain is over 80 µm. The echinate are regularly
spaced across its surface and are unrelated to islands or elevated bulbs.
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CHAPTER 4: THE ARID WEST CAVE
Site Background
In (what year?) eight small samples of human coprolites arrived at the UNL
Paleontological Lab, having been submitted at the request of Dr. Steven LeBlanc as part of a
larger project examining human diet, genetics, and gut microbiome. These samples came from
the collections of the Peabody Museum at Harvard University but originated from an unknown
site (or sites) in the western part of the US. The samples lacked provenience information, but the
Peabody Museum only mounted a few archaeological expeditions to the west that could have
obtained such specimens. Initially they were suspected to have been recovered by an
archaeological expedition to NE Arizona in the early 1920s, an area known as the Kayenta
region (Guernsey 1931). But when Wibowo, et al. 2021 publication appeared that included these
eight samples, this suspected location was dropped in favor of one much further to the north in
Utah. The following is a direct excerpt on the Arid West Cave samples from that article:
“The precise location of this set of samples cannot be determined (samples labeled
AW107, AW108, AW110A, and so on) as they are without location labels. The
samples were found at a time before palaeofaeces were regularly collected and saved,
and if saved they were never studied. We know these samples were collected in 1931 or
a year or two before, which narrows the possibilities of where they are from. The
radiocarbon dates and macro-remains (diet) of these palaeofaeces make clear that they
are from the northern part of the American Southwest, but they could come from
several different expeditions almost a century or more ago. There is a remote possibility
that they come from an expedition mounted by the Peabody Museum of Archaeology
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and Ethnology at Harvard University. They could be from the Samuel Guernsey
projects between 1920 and 1923. However, none of the project records make any
mention of palaeofaeces, nor do they fit the time frame and site types that he studied.
Conversely, the Harvard Peabody Museum also undertook a series of expeditions to
eastern parts of Utah between 1928 and 1931 (often referred to as the Claflin–Emerson
or Morss projects) and they did recover palaeofaeces and did work in deposits of the
appropriate time, in particular at the Rasmussen Ranch Cave site in east-central Utah.
This is the most likely source, but it cannot be confirmed absolutely. Fortunately, for
our purposes, the exact location is not critical. Knowing the time frame and general
region is adequate for our purposes. The palaeofaeces are some 500 years or more
closer to the present than those from Boomerang Shelter. The major difference is that
these individuals would have had maize as a staple of their diets for an additional 500
years.”
This excerpt makes it clear that these authors want to discount the Kayenta region of origin
for the eight unprovenienced feces. While more specific placement might not have mattered for
their purposes, it is critical for maximizing the full interpretive potential of these samples. Any
dietary, DNA, and gut microbiome information obtained from these samples is more useful when
this information is georeferenced as accurately as possible. What is called for in this case is a
forensic type of investigation to eliminate potential candidates or highlight those of greater
possibility.
One key part of this forensic study is the age of fecal deposition, which in known for
three specimens that were directly radiocarbon dated (TS 1119, 1120 & 1122). Wibowo et al
(2021) report these results, indicating that deposition occurred between about AD 550 and 660.
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This corresponds to the Basketmaker III period for the Four Corners region as discussed below.
It is these dating results that led Wibowo et al (2021) to argue against a Kayenta region origin,
claiming that the dates do not match the time frame that Samuel Guernsey studied in the early
1920s. As I point out below, this is factually wrong. Guernsey went to the Kayenta region in the
early 1920s expressly looking for sites that came soon after the Basketmaker II materials that he
and A.V. Kidder had already well documented during earlier Peabody Museum expeditions to
the Kayenta region, field work that started in 1915. Both the time frame and site types that
Guernsey studied in the 1920s are excellent matches for the feces.
Coupled with sample age is the sort of dietary patterns that can be reconstructed in the
micro- and macroremains of the fecal samples. These aspects were not considered by Wibowo
and coauthors, yet they are critical aspects to a forensic analysis. These authors advocate a
location of origin for the feces in east-central Utah from sites excavated between 1928 and 1931
by the Claflin–Emerson expedition. They mention Rasmussen Cave in particular, a site that
occurs in Nine Mile Canyon, a tributary to the Green River. The field workers on this expedition
mention the recovery of ancient feces, unlike Guernsey, and Wibowo et al suggest that they
worked in deposits of the appropriate time. The latter might well be true when all the sites
excavated by the Claflin–Emerson expedition are taken into account. But, what about
Rasmussen Cave? This time interval is not known there from what I could determine from
published literature. More importantly, where geographically might be the best fit for the dietary
and other plant remains documented within the samples? Human fecal samples reflect both
ecological setting and culturally patterned subsistence and other practices such as medicine and
rituals. The Kayenta Region is culturally and ecologically quite distinct from the Nine Mile
Canyon area of Utah, which is situated within the Fremont region. The Fremont were maize
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farmers, although the extent of this is debated and they likely also had dietary practices that
differed from Kayenta region Puebloans.

Four Corners Puebloan Chronology
Basketmaker II
The early Basketmaker II era (~ 1500 BCE-500 CE) is highlighted by the beginning of
maize cultivation, but large-scale dependency on agriculture would not yet begin until 500 BCE.
The gathering of wild plants, hunting, food storage in pits, and cave dwellings were also key
aspects of this period. By around 50 BCE or late Basketmaker II, came increased cultivation of
maize by dry farming (Matson 1991, 2006). This was accompanied by pithouse habitations in
upland settings outside of canyons. Basketmaker II hunters used large notched projectile points
on darts thrown by atlatls. They made string bags and sandals and woven close-coiled baskets
often constructed using a “two rod and bundle foundation” but they lacked pottery technology.
At the time of Guernsey’s 1920 fieldwork, he excavation interest was with materials that
immediately followed Basketmaker II. It was his excavations in other parts of the Kayenta
regions surrounding Marsh Pass that discovered an advanced housing type and the presence of
pottery within rockshelter habitations. This suggested they were looking at a developed stage of
Basketmaker II, which they temporarily termed “Post-Basketmaker,” and eventually went on to
be called Basketmaker III.
Wibowo, et al. (2021) included Boomerang Shelter within their study, which is an
important Basketmaker II habitation site in southeastern Utah. A majority of remains from this
site date within 2500-1500 BP (Wibowo, et al., 2021). Agriculture was well established by this
timeframe, with a heavy reliance on maize in their diet as observed within the dietary remains.
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Other materials recovered from this site date back to as early as 7400 BC and correspond to a
pre-farming Archaic culture. Turkey Pen Ruin is a similar age Basketmaker II habitation in SE
Utah that produced similar dietary results to that of Boomerang shelter with good preservation of
human, plant, and animal DNA.
Basketmaker III
Basketmaker III began roughly about 500 AD and is the start of the era most important to
this project. A sedentary lifestyle became more popular, which led to a more auxiliary practice of
hunting and gathering. Agriculture based on maize and squash cultivation was already well
established but beans were added to the mix. Irrigation structures were also present to support
these lifestyle changes, using reservoirs and dams to increase soil moisture and decrease erosion.
The use of pithouses was still common, but the size of the dwellings would become much larger
and more complicated. This semisubterranean housing was constructed in the open or atop mesas
and dug several feet deep with diameters as large as 20 feet.
Pueblo I
The Pueblo I period takes over in 750 A.D. with a transition to an above-ground living
quarter; this is the start of the Puebloan dwellings commonly observed across the Southwest.
Generally, these structures would house a large community, comprising up to 100 adjacent
rooms in a single complex. Mud, stone masonry, wooden posts, and woven materials would all
be used to construct these habitations and would include a subterranean kiva for community and
ceremonial purposes. Agricultural practices continued to expand, integrating cotton as a crop.
Lower precipitation rates also occurred during this time creating periods of drought. This
affected crop growth and harvest; thus, reservoirs and water management became utilized more
efficiently. Pottery diversified, leading to various shapes, sizes, ornamentations, etc. of this
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cultural product. These were used as storage for food and other materials to prevent rot and pest
infestation. Gathering and hunting activities never ceased and were helpful in periods of drought.

Guernsey’s 1920s Kayenta Region Excavations
Samuel Guernsey’s (1931) report on his 1920-1923 explorations was essential to
narrowing the scope of the potential projects in the Southwest and the areas excavated. His report
is sufficiently detailed about the context for the sites studied for the Peabody Museum and the
recovered material culture. It deepened our understanding of Ancestral Puebloan lifeways and
documented Basketmaker III, a “culture hither to undescribed.” (Guernsey, 1931:6)
The rooms excavated from the Guernsey expedition from 1920 to 1923 yielded many
cultural remains that indicated the eras of Basketmaker II and III. Rooms a, b, c, and e (shown in
Figure 4.1 below) and outside the room contained sherds akin to that of Pueblo I and III types
and two Pueblo I burials found within the talus. The kiva’s g to m marked the west end of the
Pueblo III section of this area and Pueblo I pottery was found here. Continued excavation yielded
novel materials: rough reed mats tied with twined-woven yucca leaves, scallop-toed sandals,
fragments of twined-woven bags, yucca plant containers, and pottery fragments. The twinedwoven bags suggest a connection to that of Basketmaker II culture.
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Figure 4.1. Plan of Cave 2 of the branch of Segi from the Guernsey (1971) excavation journal.

Burials in Cave 3 held materials leading to the discovery of Basketmaker III. The plain
grey style of pottery within the interments dated back to the period of Pueblo I, alongside other
Pueblo I remains scallop-toed sandals, more twin-woven bags, reed, and juniper bark roofs, etc.
Biological remains however suggested a separate time period. The skulls recovered from the
grave were seemingly identical to those of Basketmaker II people, lacking any cranial
deformation (Guernsey, 1971). These materials, once collected, began to lead towards a
conclusion of a further developed phase of the Basketmakers. This stage was tentatively termed
“Post-Basketmaker.” Though the understanding of this previously unforeseen era was limited at
the time of excavation, it would later come to be known as the Basketmaker III period.
The excavation of Cave 3 at Segi revealed another Basketmaker II grave containing the
remains of two individuals. One of these bodies was found in situ with an atlatl and two atlatl
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stones that had once been bound to the right arm in wrappings that had decayed completely. A
feather head ornament, a string of cylindrical [...] beads, and a decayed fur-string robe wrapped
around the body were also found (Guernsey, 1971). The remains of an infant in a separate area of
the cave were found as well, a twined-woven cradle was found buried with the child. These
novel cultural discoveries only increased the interest of the excavation crew, quickly becoming
curious of the breadth of distribution of Basketmaker III culture in the Southwest.

Dietary Report
The 8 AWC samples were very small representing tiny portions that got removed from
larger fecal specimens from the Peabody Institute and submitted to Dr. Karl Reinhard. Despite
the small sample size, the combined macroscopic and microscopic analyses for most samples
provide a clear picture of diet as well as useful indicators of local ecology. Six samples reveal a
maize-dominated diet. It is noteworthy that maize starch was found in seven of the samples. The
starch occurred in both “pristine” and altered forms. Pristine grains are well preserved and show
no signs of processing or alteration prior to consumption. Altered grains exhibit increased
fissures in the grains and small compression points on the grains. One sample, TS 1125,
contained only maize, milled to 1-2 mm. Starch grains were abundant. Over a million altered
starch grains were evident along with 215,000 U. maydis spores. Two colors of milled maize are
present in TS 1129, milled to less than 1.0 mm. Fine fiber from an unknown source is also
present. Altered and pristine starch make up the majority of the macroscopic remains and
Cleome (beeweed) flowers were included in this sample. TS 1122 contained maize that was
milled to less than 0.5 mm. Crushed bone was also present in the sample. The microscopic
remains contained over four million altered starch grains and a rabbit hair. Cleome pollen
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amounted to 575,000 grains per gram. Unmilled and milled maize was found in TS 1130 with
seeds from Physalis (groundcherry) fruit. Two samples, TS 1127 and TS 1131 were dominated
by maize but included a variety of additional components. TS 1127 had unmilled maize, coarsely
milled (1-2 mm) maize, Lycium (wolfberry) seeds from fruit, cactus cladode druse phytoliths,
animal hair, altered maize starch, and also gelatinized starch from cooking. Over 100,000
Sarcobatus (greasewood) pollen grains were present in this sample. Two starch sources were
milled together in 1131, maize and Amaranthus (pigweed) seeds. Interestingly, trichomes from
the mustard family were abundant and are consistent with species of Boechera or Descurainia.
This shows that mustard greens were part of this dietary episode. Cactus cladode microscopic
elements and an abundance of altered maize starch were present. Maize starch is the only
evidence of cultivated food in TS 1119. The majority of the other remains are finely milled noncultivated Indian ricegrass caryopses, chaff, and stems. No traces of maize were found in TS
1120. Masticated orthopteran insects and non-cultivated grass caryopses, chaff and stems
composed this small sample.
In general, these coprolites represent a typical Pueblo maize-reliant diet. Also harvested
from the corn plant were U. maydis fruiting bodies and tassels. Therefore, pollen and fungus
were part of the diet. Beeweed and mustard greens along with the fruits of Physalis and Lycium,
plus Indian rice grass grains supplemented the maize-based diet. One part of both beeweed and
mustard that appear to have been exploited as a food resource by Puebloans is their
indeterminate flower spikes which have a mix of both inflorescences with pollen and developing
seeds. These were perhaps used as a flavoring for the bland starch of ground corn and appear to
have comprised a key part of the cultural practice in the Kayenta region, what might be termed a
recipe for the Puebloans of the area.
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Site Dietary Matter Comparison
The remains from the Arid West Cave are dominated by Cleome and maize. Cleome was
runner-up in the scale of dietary pollen density. Recovered from six samples (75%), a significant
dietary amount is noted here. Specifically, in sample 1129, a large cluster of pollen from an
anther was observed, further indicating this habit of consumption. This pollen type is
characterized by a fine reticulum with a three-aperture pattern (Figure 4.2) The apertures of this
grain can manifest as either a colpate or colporate form; therefore, these grains may be referred
to as tricolporate at times. Cleome, termed “tumi” by the Hopi (Adams et al., 2002), is a
flowering plant that is part of the Ancestral Puebloan cuisine. Widely used by Native American
groups of the Puebloan tradition (Adams et al., 2002), Cleome would be consumed as greens,
leaves boiled with or without green corn, or cooked and hung to dry for use in winter. A study by
Martin and Sharrock (1964) demonstrated an abundance of Cleome pollen within the diet of
Puebloan populations in the Four Corners area. They also interpreted the occurrence of tumi
pollen with maize and squash as being semi-cultivated, as we have seen in this study (Figure
4.3).

a

b
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c
d
Figure 4.2. SEM images of two Cleome pollen grains from AWC Sample 1122: a) grain at
approximately 12 µm that hosts colpus aperture type; b) detail of aperture; c) grain of
comparable size (~12 µm), but with a colporate aperture type; d) detail of aperture. All other
characteristics (reticulate surface structure, shape, size, etc.) are shared between these two pollen
grains.
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Figure 4.3. SEM image of maize and Cleome pollen with a Lycopodium spore in AWC Sample
1122. The Cleome grain vests inside the fold of the maize grain, illustrating the size of these
pollen types.

The importance of Cleome in the Puebloan diet can be attributed to its versatility in use
with recipes and the “sharp” flavor of its flowers and seeds. The quantity of Cleome pollen found
in these samples is indicative of regular consumption. A variety of cultural recipes have been
documented from various Southwestern cultural groups of the Four Corners: Hopi, Navajo, Zuni,
Acoma, etc. (Adams et al., 2002). These varied from stews to greens, used in gravy as
dumplings, fried with meat, as flour for bread, and even eaten as cakes. In addition, beeweed was
used as a medicinal resource, its flowers concocted into teas for anemia and leaves pounded in
water to be applied to sore eyes (Adams et al., 2002). Recipes using both maize and Cleome were
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common in Southwestern cooking. Alongside their encouraged co-occurrence in agricultural
fields, they shared many food recipes as well (Gish, 1999).
Maize starch grains and Poaceae pollen are strong indications toward the Ancestral
Puebloan diet and seasonality of deposition within the complete growth and maturation period of
maize. These products include kernels, starches of varying forms (altered, pristine, clusters)
along with maize testa fragments and Zea mays whole pollen grains. Ustilago maydis elements,
also known as nnaha or maize mushrooms, are also present among these samples, indicating a
deposition during the harvest of corn. The size of Poaceae pollen grains from the AWC samples
is indicative of Zea mays, no other grass-type pollen grains were found. This contrasts with Dyck
which contains three identified grass pollen types. Remains of maize were found in all coprolites
from this site, with the exception of 1127, which had few recoverable remains whatsoever.
Pollen was found in all but of course 1127 and 1130 of which its pollen count is independently
dominated by Cleome.

a
b
Figure 4.4. SEM image of Zea mays (maize) pollen in AWC Sample 1122: a) features the pore
showing interior structures visible inside the grain, a phenomenon rare to observe and
photograph; b) overall grain that is nearly 100 µm in size and has a the microechinate surface
structure.
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Cheno-am and Sarcobatus are in the second tier of pollen density quantified. These two
pollen types are observed in four samples (50%) for Cheno-am and two samples (25%) for
Sarcobatus. The pollen of these two taxa may appear quite similar, however, they have two
major distinctions in their ultrastructure. Cheno-am, which stands for ChenopodiumAmaranthus, a common seed type among the Colorado Plateau, has pollen grains with a
periporate structure with approximately 30+ pores. These are arranged around the pollen, giving
it an appearance comparable to a wiffle ball (Figure 4.7). Sarcobatus, however, has a smaller
number of pores (18+), and its pores are annulated, giving them a swollen, donut-shaped
appearance on the surface of the grain, termed aspidate (Figure 4.5) Without experience and the
use of good microscopy equipment, this characteristic could easily go unnoticed. Thankfully, I
was able to identify this through SEM, and distinguish between these pollens in sample 1130. In
this sample, woody fragments were also found among the matrix, suggesting consumption of the
leaves and, indirectly, their branches as well (Figure 4.5).

a
b
Figure 4.5. SEM images of Sarcobatus pollen from AWC Sample 1130: a) overall grain with
seven aspidate pores visible; b) magnified part that demonstrates the annulated pores. Note how
the surface surrounding the pores swells, appearing like that of a donut. Greasewood pollen is
incredibly small with the diameter of this grain reaching just around 25µm.
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Figure 4.6. SEM image of wood fragment found among fecal debris in AWC Sample 1130.
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Figure 4.7. SEM image of Cheno-am pollen from the Zape site of Durango. Note the numerous
pores distributed around the grain and their more flattened structure compared to Sarcobatus. In
this orientation, 26 pores are visible, although some are obscured by fungal debris attached to the
grain’s left side.

Other pollen grains relevant to diet that were observed include Ambrosia (6/8, 75%),
Apiaceae (2/8, 25%), Artemisia (⅜, 37.5%), and Fabaceae (2/8, 25%). Asteraceae pollen (the
taxonomic family of Ambrosia and Artemisia) was observed in six samples (75%) with low spine
pollen types. These are additional food elements commonly found in the Ancestral Southwestern
diet.
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Sample Origin of AWC
First, it is important to acknowledge that the name “Arid West Cave” and its acronym,
AWC, are fictitious, simply made up as a convenient place reference for an unknown place or
places. It could be that these samples do not derive from a single archaeological site, yet the
dietary remains suggest that if multiple sites are represented then all are part of the same cultural
traditions.
With the established dietary pattern of the Arid West Cave fecal samples, the question is
where in the Southwest these samples originated. One approach to this question is by considering
the dietary pattern evident in another set of fecal samples reported in the Nature Article. These
samples came from Boomerang Shelter of Butlerwash in Southeast Utah (Wibowo et al., 2021).
This site can be used as a comparative tool for other dietary customs within the American
Southwest during Basketmaker II times. Many dietary elements from Boomerang Shelter match
up with the findings from the Arid West Cave. For example, the feces from this site revealed a
significant amount of evidence for Sarcobatus consumption in the form of woody stem
fragments found in association with large quantities of Sarcobatus pollen. This indicates
ingestion of male flowers; the wood being accidentally consumed with the flower bud. This is
identified in two samples, 8a and 8b, representing an intentional dietary habit of pollen-bearing
Sarcobatus flowers. Boomerang Shelter feces also contains maize pollen grains and pollen
clusters along with grass caryopses indicative of the consumption of Zea mays and Indian
ricegrass. Boomerang Shelter samples also contain evidence for the consumption of prickly pear
pads, Ustilago maydis, and Cleome (Wibowo et al., 2021). Greasewood pollen was the most
interesting link between this site and the AWC samples.
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As displayed in the images above (Figures 4.5 and 4.6), similar associations with regard
to Sarcobatus and wood fragments are found within the Arid West Cave diet. Zea mays pollen
grains and Ustilago maydis spores are common within both sites, a marker of the reliance upon
maize in this regional diet (Battillo, 2018). This is evidence of the use and consumption of maize
fungus during this temporal period. Cleome is known as another common occurrence with maize
in the Kayenta region likely as a flowering for this area and is commonly co-cultivated with
maize.
Turkey Pen, located in southeast Utah, and Aztec Ruins, located in northwest New
Mexico, are two other Colorado Plateau sites that are useful points of comparison with the Arid
West Cave. Both Turkey Pen Cave (Battillo, 2019) and Aztec Ruins (Reinhard, n.d.) sites share
two primary pollen types with AWC: maize and Cheno-am. As we have seen, these two foods
are a common dietary resource among Puebloan populations, so finding this overlap is not
entirely surprising. Turkey Pen Cave also includes Asteraceae, Poaceae, Brassicaceae (mustard),
Apiaceae (carrot-type), and wild onion (Alium) pollen types (Battillo, 2019). Aztec Ruins hosts
Cleome, Brassicaceae, and Artemesia pollen, along with a number of other non-pollen elements,
such as Ustilago maydis and maize starches. The Arid West Cave contains some matching
dietary material to these two comparative sites, both of which are a part of the Colorado Plateau.
This evidence gives good indication of a diet common to the Puebloan region in prehistory with
the Kayenta Region of the Southwest representative of this, as opposed to a more northerly
region.
An approach of “reverse” archaeology was applied for this endeavor in resolving the
issue of origin with these samples. This approach is characteristically forensic in nature. The
Arid West Cave contains remains regularly documented in the Puebloan diet of the Colorado
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Plateau: Cleome, Poaceae, Sarcobatus, and Cheno-am pollen along with Ustilago maydis fungal
spores are all elements that comprise microscopic dietary remains from coprolites of other sites
within the same region (Battillo, 2019; Reinhard, n.d.; Wibowo et al., 2021). The radiocarbon
dates from these samples and the microremains recovered from the Arid West Cave correlate to
the cultural transitions toward agricultural reliance and a sedentary lifestyle characteristic to
Basketmaker III. This indicates the origin of these samples is most likely to be that of the
Kayenta region of the Four Corners.
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CHAPTER 5: DISCUSSION/CONCLUSIONS
Discussion – The Dyck Cliff Dwelling
The Dyck Cliff Dwelling, within a canyon that drains the southwest portion of the
Colorado Plateau, produced a small sample of human feces that provided for the recovery of
novel data regarding dietary and other practices of Indigenous Southwestern populations. This
study represents the first analysis of microremains in coprolite samples from the site. Prior
analyses of dietary material among the Ancestral American Indian populations of the Southwest
have revealed a dependence on corn (Zea mays) and corn farming (Hard et al. 1996; Huckell
2006; Matson 1991). This dietary habit is observed within this site among a breadth of additional
botanical remains, all of which augmented maize to create a diversity of vitamins and
supplemental nutrition. This research allowed for the recovery and presentation of novel data
regarding the dietary and agricultural capability of Indigenous Southwestern populations of the
Verde Valley.
Corn in the DCD samples manifested in three forms: starch, pollen, and spores.
Identification of the latter, known as corn smut, is an important contribution. Corn smut was a
vital asset for supplementing protein and the amino acid lysine, components of health that were
not in high proportions among the maize-centered diet (Batillo, 2018). This deficiency could
result in a variety of ailments and pathologies; the literature has broadly covered these conditions
(Bunziger and Long, 2000; Reinhard, 1988; Walker et al., 2009). This protein source, in addition
to beans (Phaseolus), mesquite (Prosopis pubescens), and hackberry, supplied considerable
nutritional value. The proportion of beans in this study is the highest recorded from coprolite
samples as evidenced by the other sites covered in comparison with the Arid West Cave.
Additional elements of diet supplied magnesium, potassium, vitamins B6 & C, iron, and folate.
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This came in the form of hackberry, agave, prickly pear, beans, and a variety of seeds (United
States Department of Agriculture, 2021).
The broad diversity of diet at Dyck indicates a pattern that would support good health at
this site. The macrobotanical remains, in conjunction with microscopy analysis techniques (LM
& SEM) recovered a wealth of information regarding the Sinagua in the Verde Valley diet and
supplementation. As a site previously unexplored on a microscopic level, the information
uncovered in this Verde Valley site gives us a first look into the dietary habits of the Sinagua
people off the Colorado Plateau.

Discussion – The Arid West Cave
The second part of this thesis research is essentially a forensic analysis approach toward
“reverse archaeology” where the goal is to pinpoint a region of recovery for a collection of
unprovenanced samples in a museum collection. The Peabody Museum had a sample of feces
from some site in the Southwest that was excavated during one of its projects in the 1920s. The
two prime candidates were the Kayenta area of Arizona, or the Nine Mile Canyon area of Utah.
These two regions are separated by about 230 miles North-South, a significant ecological and
cultural distance. The Kayenta region lies at the northeastern corner of Arizona and is
represented by a mix of pinyon-juniper woodland and sage/grass plains. The Rasmussen Ranch
Cave, located in Nine Mile Canyon, was also a possible source site (Wibowo et al., 2021). This
lies at the northern territory of the Colorado Plateau. Although occurring within low elevation
canyon country, this area lies downward from the Wasatch Plateau which contains a montane
forest of spruce and other conifers. Both areas are visible below on maps.

73

Figure 5.1. Two maps of the American Southwest. The left image points to the location of where
Nine Mile Canyon is, the right image depicts the location of Kayenta in Arizona.

Wibowo et al. (2021) wrote in their article that there are no project records mentioning
palaeofaeces, nor do they fit the time frame and site types of the Kayenta Region. Upon
reviewing Guernsey’s (1931) report, there is a direct link to their focus of research on
Basketmaker III along with the culturally specific dietary practices evidenced in the feces.
Matching the radiocarbon dates of these samples suggests a potential origin for their deposition.
The most parsimonious explanation is that Guernsey collected the feces while excavating sites in
the northeastern area of Arizona.
The Arid West Cave is a mythic place archaeologically, but it was a real place or places
in the ancient past. The location of this place is strongly constrained by the dietary forensic
evidence of the fecal samples. Aside from heavy maize use, which might also characterize the
Fremont diet, other components are more indicative of the location. Cleome, otherwise known as
the Rocky Mountain Beeplant, is a hallmark of the diet of Basketmaker II to Pueblo III in the
Ancestral Puebloan region. Seven of the eight Arid West Cave samples sufficient for pollen
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analysis recovered evidence of Cleome pollen. This, along with maize, are key pieces of
evidence for the localization of these samples. Maize dominates the sample matrix, and evidence
of fermented maize starch was observed as well. The evidence for heavy reliance on maize is a
good match for the BM III age of the samples, a period of increased reliance on agriculture and
sedentism among the Puebloan populations. Analysis via scanning electron microscopy
confirmed an abundance of maize pollen consumption, both by association and identifiable
features (surface structure, size, pollen aperture…).

Figure 5.2. SEM image showing the abundance of Zea mays pollen recovered from AWC
Sample 1122. Five maize pollen are visible in the field, associated with Lycopodium.
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Figure 5.3. SEM image showing a single Zea mays pollen grain illustrating the size of the
maximum dimension of the pollen recovered from AWC Sample 1122. The size of the pollen is
consistent with data presented by Hall (2010).
The background pollen from this collection reveals clues to determining the origin of the
Arid West Cave samples. Nine Mile Canyon is located in the Wasatch Plateau area of Utah. Its
ecology is defined by a montane forest, pinyon-juniper woodland, floodplain shrubland, and
riparian areas. Greasewood (Sarcobatus) is an abundant floodplain plant and is found in Nine
Mile Canyon. While this gives a link between this area and the AWC samples, there is a key
aspect missing from the AWC samples to more definitively establish these feces from the Utah
area. Spruce fir pine is a key ecological aspect of the Wasatch Plateau. Pine pollen grains are
anemophilous, or wind-pollinated; anemophilous pollen grains are distributed in far greater
numbers than that of entomophilous, or insect-pollinated, pollen grains (Culley, 2002).
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Therefore, if these samples did originate from the Nine Mile Canyon area of Utah, these spruce,
pinyon-juniper pollen grains would comprise a large majority of the background pollen from
these samples.

Final Conclusions
Microscopy continues to expand our knowledge of diet, parasitism, medicinal practices,
and other facts of past life that can be recovered from archaeological sites. This study of the
Dyck Cliff Dwelling and the Arid West Cave illustrated this by using coprolite samples. Novel
discoveries were made through the employment of various microscopy techniques. A broad array
of dietary sources, evidence for nutritional supplements, and creative methods of cultivation can
be suggested from these findings. A usual dietary reconstruction study will analyze a minimum
of twenty coprolite samples to gain an understanding of consumption habits among a site
(Reinhard, 1992). Neither of these sites offered such a quantity, however, the breadth of
information found from such small sample sizes speaks volumes to their value. Feces contain a
wealth of information about day-to-day consumption patterns and food practices. All of which
can be inferred from observation of these microscopic remains, even from samples weighing just
a half of a gram.
Dissecting and light microscopy are the traditional techniques used in dietary
reconstruction; both are vital and can be used to verify the findings of the other. When
encountering a pollen grain unknown to you and your colleagues, having macrobotanicals helps
to narrow the broad possibilities of pollen sources in a region. These additional remains serve as
clues to reconstructing the plant before consumption by identifying the macroscopic elements of
maize kernels, achenes/seedcoats, fibers, seeds, etc. Quantification and initial analysis can be
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completed with these techniques. However, the addition of scanning electron microscopy has
proved an indubitable value for its ability to expand upon findings of other techniques by
revealing previously hidden morphological details.
The samples from both the Dyck Cliff Dwelling and Arid West Cave have demonstrated
the uniqueness of separate approaches in microscopy. Through Dyck, a site previously
unexamined with regard to coprolite remains, evidence for a complex, broad diet was uncovered,
comprised of prickly pear, bean, various grasses and seeds, willow, and maize with huitlacoche.
While composed of the regular Southwestern dietary elements, supplementary vegetable goods
amplify the nutritional value. Beans and maize, two of the Three Sisters (Kuhnlein and
Receveur, 1996; Ngapo et al., 2021; Zang et al., 2014), are proportionally the highest content
found. Beans were found in five samples, the largest amount recorded from coprolites, providing
protein and folate. Maize is observed in all but three samples, supplying minerals such as
magnesium, zinc, and phosphorus yet lacking in essential amino acids (Battillo, 2018; Sultana et
al., 2019). However, the augmented protein value of huitlacoche is doubled and the amino acid,
lysine, is added. This protein quality is essential for muscle growth and maintaining a healthy
immune system (Battillo, 2018). The fruits, nuts, and remaining macrobotanicals host a variety
of other nutrients: iron, potassium, vitamin B6 & C, manganese, zinc, and fiber.
The focus of the Arid West Cave study was different. Dietary remains had already been
analyzed and published by Wibowo, et al. (2021), yet the location of the site remained culturally
and geographically speculative with two distinct areas of the Colorado Plateau as plausible
candidates. This necessitated additional analysis of the dietary remains. By carefully considering
the macro and microremains recovered from the samples through the lens of culturally specific
consumption practices and recipes along with ecology, the material was related to the Kayenta
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region of Arizona. This was suggested by the dietary Cleome, Sarcobatus, and background
pollen. The background pollen did not reveal montane types expected from the Rasmussen
Ranch area. The dietary remains of AWC are consistent with that of the Basketmaker and Pueblo
phases of the Ancestral Pueblo region. Alongside maize, Cleome (Rocky Mountain Beeplant) is
a hallmark of diet in the area from Basketmaker II to Pueblo III represented by coprolite
analysis. Out of the eight samples, seven contained Cleome pollen; additionally, maize
dominated all samples in a variety of forms, including fermented maize starch. A reliance on
maize is seen within the Arid West Cave site, which aligns with the literature on BMII-BMIII
(Adams et al., 2002; Battillo, 2019; Reinhard, n.d.; Wibowo, et al., 2021).
Microscopy lends exceptional advantages to the study of archaeological remains. The
dietary database of not just the Southwest, but all regions rely upon microscopic methods. The
worth of each technique is amplified by the employment of the other, with the scanning electron
microscopy revealing unprecedented details of pollen morphology. In no other way would the
novel grass pollen surface structure be visible; therefore, SEM provides insurmountable value in
addition to the how a fusion of microscopy techniques—dissecting, compound, and SEM—
provide an insurmountable value in coprolite analysis. The work accomplished in this thesis is a
testament to this notion. Expanded analysis through these means is possible and noteworthy, and
our work is far from finished.
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APPENDIX A: Glossary
Aperture: a specialized region of the sporoderm that is thinner than the remainder of the
sporoderm and generally differs in ornamentation and/or in structure.
Aspidate: a prominently protruding thickening of the exine around the pore.
Bacula/Columella: a rod-like element of the sexine/ectexine, either supporting a tectum or a
caput.
Bireticulate: a two layered reticulum consisting of a suprareticulum supported by a
microreticulate tectum.
Colpate/Colpus: an elongated aperture with a length/breadth ratio greater than 2.
Colporate: a fusion of colpate and porate apertures, with the elongated aperture containing a pore
in the medial part of the line.
Echinate: a pollen & spores with an ornamentation comprising spines longer than 1µm.
Endexine: the inner of the two main layers of the exine.
Equator: the dividing line between the distal and proximal faces of a pollen grain/spore.
Exine: The outer layer of the wall of a palynomorph (i.e., pollen), which is highly resistant to
strong acids and bases, and is composed primarily of sporopollenin.
Foot layer: The inner layer of the ectexine.
Intine: the innermost of the major layers of the pollen grain wall underlying the exine and
bordering the surface of the cytoplasm.
Oblate spheroidal: pollen shape class in which the ratio between P & E is 0.88:1.00.
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Oblate: pollen shape class ration in which the P is shorter than the E, 0.5:0.75.
Operculum: a distinctly delimited sexine/ectexine structure which covers part of an ectoaperture
and which is completely isolated from the rest of the sexine.
P/E ratio: ratio of the length of the Polar axis to Equatorial diameter of a pollen grain.
Parasyncol(por)ate: in which the apices of the colpi divide into two branches and anastomose
toward the poles, delimiting an isolated area known as apocolpial field.
Periporate: patterning of pores all about the pollen grain. Example: Cheno-am, Sarcobatus.
Peroblate: pollen shape class in which the ratio between P & E is less than 0.5.
Perprolate: pollen shape class in which the ratio between P & E is greater than 2
Pole: either of the two extremities of the polar axis.
Porate: a general term, applied in palynology to a circular or elliptic aperture with a
length/breadth ratio less than 2.
Prolate spheroidal: pollen shape class in which the ratio between P & E is 1.00:1.14.
Prolate: the shape of a pollen grain or spore in which the polar axis is larger than the equatorial
diameter; the ratio is defined as 2.00:1.33.
Psilate: describing a pollen or spore with a smooth surface.
Reticuloid: ornamentation with baula arranged in a more or less reticulate patterning.
Reticulum: a network-like pattern consisting of lumina or other spaces wider than 1µm bordered
by elements narrower than the lumina.
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Scabrate: elements of ornamentation of any shape, smaller than 1µm in all directions.
Sporoderm: the entire wall of a pollen grain or spore.
Stephano-col(por)ate: a pollen grain with apertures situated only at the equator.
Suboblate: pollen shape class with a ratio of 0.75:0.88.
Subprolate: pollen shape class with a ratio of 1.14:1.33.
Syncol(por)ate: a pollen grain with two or more simple (or compound) colpi, the elds of which
anastomose at the pole.
Tectum: the layer of sexine, which forms a roof over the columellae, granules or other infratectal
elements.
Verrucate: a wart-like sexine element, more than 1µm wide, that is broader than it is high, and it
is not constricted at the base.
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APPENDIX B: Data Tables
Dyck Cliff Dwelling Data Tables:
Table I: Dietary Data Overview
Sample
Macroremains
262

269

Microremains

Pollen/Spores

Prickly pear seeds,

Bean seed coats,

maize kernels, animal

ground & maize

hair

starch

Cryptantha flour,

Cryptantha flour

Wild grass

maize
272

Maize, willow catkin

Pristine maize starch

Willow, huitlacoche

274

Maize

Bean seed coats &

Prickly pear

bean starch, pinworm
eggs
278

Crushed mesquite

Maize starch

pods
365

371

Huitlacoche, willow,
wild grass

Maize, prickly pear,

Pigweed/goosefoot

Wild grass

mesquite pods

starch

Crushed hackberry,

Grass fiber

Wild grass

Maize, milled

Grass fiber & leaf

Wild grass,

pigweed seeds,

epidermis

huitlacoche

fibers
372

dropseed grass

87

389

Cactus phytoliths,

Bean pods

Wild grass &

goosefoot seeds,

pigweed/goosefoot

prickly pear and
agave fiber
393

Grass flower fibers

Cactus phytoliths,

Wild grass

agave phytoliths
394

400

Maize & agave leaf

Maize starch's, agave

base

phytoliths

Maize, mesquite

Bean seed coats

Huitlacoche

pods, sunflower
achenes

Table II: Non-Pollen Counts
DCD, Lab 5 - #262 | 1.0 gm (12,500 tracer spores per gram)
Lycopodium tracer spores

3

Macrosclereids, bean seed

202

794,025

Ground Maize starch

3

11,792

Fermented Maize starch

4

15,723

Pristine Maize starch

4

15,723

Tracheid ring

1

3,930

Phloem, sieve tube element

1

3,930

coats

88

Cooked maize starch

1

3,930

DCD, Lab 1 - #274 | 0.5 gm (25,000 tracer spores per gram)
Lycopodium tracer spores

18

Squash phytolith

1

2,778

Unknown starch, 55µm long,

1

2,778

1

2,778

Bean starch

13

36,111

Prickly pear pollen

5

13,900

Phloem, sieve tube elements

5

13,900

Plant epidermis

1

2,778

Macrosclereids

3

8,350

Leaf epidermis

1

2,778

Fermented maize starch

2

5,500

Pristine maize starch

2

5,500

Unknown starch, 19µm long,

1

2,778

32µm wide, circular annulus
offset to widest end
Unknown starch, same
morphology, 18µm long,
10µm wide

11µm wide; large hilum,
circular offset to one side, not
maize

89

Trichome

1

2,778

Altered maize starch

1

2,778

Xylem

3

8,350

Bean seed coats

148

411,000

DCD, Lab 3 - #280 (Dog) | 2.2 gm (15,000 tracer spores per gram)
Lycopodium tracer spores

1

6,819

Raphide, spindle-shaped

223

1,520,455

Bean trichome

1

6,819

Xylem, bundle

2

13,636

Phloem section

1

6,819

Phloem bundle

1

6,819

Xylem section

1

6,819

cells, cellulose spindles

DCD, Lab 8 - #372 | 0.7 gm (21,250 tracer spores per gram)
Lycopodium tracer spores

24

Grass epidermis

149

188,466

Starch grains; unidentifiable,

11

13,913

24

30,357

altered, distinct interference
cross
Leaf epidermis

DCD, Lab # - #371 | 3.0 gm (12,500 tracer spores per gram)

90

Lycopodium tracer spores

1

Spindle-shaped fibers

340

1,416,667

Phloem, sieve tube elements

2

8,333

Phloem, section of cells

1

4,167

Xylem, spiral tracheid

8

33,333

Grass epidermis cell

4

16,667

Grass epidermis

7

29,167

DCD, Lab 2 - #393 | 0.5 gm (25,000 tracer spores per gram)
Lycopodium tracer spores

2

Spiral tracheid

12

300,000

Cactus calcium oxalate druse

239

5,975,000

1

25,000

Agave phytolith

27

675,000

Mesquite, rhomboid-shaped

1

25,000

1

25,000

materials/crystals
Vascular bundle fragment
from agave/Agavaceae

phytolith
Xylem section

DCD, Lab # - #269 | 2.5 gm (18,750 tracer spores per gram)
Lycopodium tracer spores

1

91

Cryptantha seed coats

185

1,387,500

Trichomes

10

75,000

Fragmentary trichomes

1

7,500

Phloem bundle

1

7,500

Septate hypha

2

65,400

Diamond-shaped phytolith

1

7,500

Epidermis w/ glochid

1

7,500

Grass stem section

1

7,500

Xylem

3

22,500

Tracheid ring

2

65,400

Phloem section

2

65,400

Glochid

1

7,500

Phloem sieve tube element

1

7,500

Spiral tracheid

1

7,500

Grass epidermis

2

65,400

DCD, Lab # - #278 | 4.0 gm (12,500 tracer spores per gram)
Lycopodium tracer spores

12

Maize starch

2

521

Animal hair

1

260

Spiral tracheid

13

3,386

Pristine maize starch

3

781

92

Milled, altered maize starch

1

260

Phloem sieve-tube element

2

521

Macrosclereid

1

260

Trichome

3

781

Xylem, tracheid spiral type

2

521

Bean starch

1

260

Large, bumpy trichome

1

260

Agavaceae epidermis

1

260

DCD, Lab # - #400 | 4.0 gm (12,500 tracer spores per gram)
Lycopodium tracer spores

1

Phloem sieve-tube elements

8

25,000

Macrosclereids

290

906,250

Xylem, spiral tracheids

1

3,125

Tracheid rings

1

3,125

DCD, Lab # - #365 | 2.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

5

Thick-walled phloem:

88

110,000

1

625

irregular-shaped, large,
lignified
Trichome

93

Macrosclereids

3

3,750

Cryptantha seed coat(s)

1

625

Cheno-am starch

107

66,875

DCD - #394 | 2.5gm (18,750 tracer spores per gram)
Lycopodium tracer spores

2

Altered/Fermented Maize

45

168,750

Spiral tracheid

9

33,750

Epidermis

1

3,750

Agave phytoliths

29

108,750

Spindle phytolith

1

3,750

Seed coats

1

3,750

Milled Maize starch

44

165,000

Ground Maize starch

1

3,750

Bean trichomes

6

22,500

Cactus phytolith

1

3,750

Bean starch

4

15,000

Tracheid ring

7

26,250

Pristine Maize starch

35

131,250

Macrosclereid sheet

1

3,750

Milled, altered Maize starch

26

7,500

starch

94

Altered/cooked/milled Bean

1

3,750

Phloem, sieve tube element

2

7,500

Fermented, milled Maize

1

3,750

starch

starch
DCD - #272 | 3.0 gm (12,500 tracer spores per gram)
Lycopodium tracer spores

1

Tracheid ring

145

604,167

Pristine Maize starch

18

75,000

Unidentifiable starch (15µm,

1

4,167

Milled Maize starch

2

8,333

Altered/fermented Maize

9

37,500

Tracheid spiral

12

50,000

Unidentifiable starch

1

4,167

Bean starch

1

4,167

Xylem section

1

4,167

spherical, punctate hilum)

starch

(spherical, pristine, no hilum,
13µm diameter)

Xylem section, ring tracheid's 3

12,500

Xylem section, spiral tracheid 7

29,167

95

Trichome, unknown

5

20,833

Bumpy trichome

1

4,167

DCD - #389 | 3.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

32

Agave epidermis fragment

13

1,693

Spiral tracheid

62

8,073

Xylem fragment, spiral

15

1,953

Trichome (fragment)

27

3,515

Pristine Maize starch

7

911

Xylem fragment, grass

1

391

Animal hair

2

260

Tracheid ring

2

260

Grass epidermis (cells)

4

521

Trichome

52

6,771

Xylem, section

6

781

Spiral tracheid bundle

10

1,302

Macrosclereid

1

391

tracheid

96

Table III: Pollen Counts
DCD, Lab # - #269 | 2.5gm (18,750 tracer spores per gram)
Lycopodium tracer spores

49

Maize (crushed)

115

17,602

Maize (shredded)

76

11,633

Maize (pristine)

7

1,071

Cheno-am

5

765

DCD - #272 | 3.0 gm (12,500 tracer spores per gram)
Lycopodium tracer spores

2

Poaceae

4

8,333

Salix

197

410,417

Ustilago maydis

106

220,833

Rhus

2

4,167

DCD, Lab 1 - #274 | 0.5gm (25,000 tracer spores per gram)
Lycopodium tracer spores

114

Opuntia

202

88,596

Artemesia

4

1,754

Ambrosia

1

439

Cheno-am

2

877

97

DCD, Lab # - #278 | 4.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

6

Poaceae

7

3,646

Cheno-am

1

521

Ustilago maydis

117

60,938

Stephanoporate, reticulate

2

1,042

Brassicaceae/Salix

19

9,895

Polyplicate

2

1,042

Tricolporate

1

521

Ambrosia

1

521

Monocolpate

3

1,563

Quercus

1

521

Artemesia

1

521

Asteraceae

2

1,042

4-colpate

5

2,604

Nyctaginaceae

5

2,604

DCD, Lab # - #365 | 2.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

60

Poaceae

21

2,188

Cheno-am

2

208

98

DCD, Lab # - #371 | 3.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

3

Poaceae

204

283,333

Cheno-am

3

4,167

DCD, Lab 8 - #372 | 0.65gm (20,625 tracer spores per gram)
Lycopodium tracer spores

25

Poaceae

193

244,962

Cheno-am

3

3,808

Ustilago maydis

3

3,808

Small echinate grain

2

396,634

Echinate, scabrate grain

1

1,369

DCD - #389 | 3.0gm (12,500 tracer spores per gram)
Lycopodium tracer spores

13

Poaceae

78

25,000

Poaceae (crushed)

80

25,641

Cheno-am

60

19,230

Cheno-am (crushed)

27

8,653

Ambrosia

8

2,564

Artemesia

1

321

99

DCD, Lab 2 - #393 | 0.5gm (25,000 tracer spores per gram)
Lycopodium tracer spores

9

Poaceae

34

188,889

Poaceae (crushed)

123

683,333

Poaceae (shredded)

39

216,667

Ustilago maydis

4

22,222

Ambrosia

1

5,556

Triporate

1

5,556

Apiaceae

2

11,111

DCD - #394 | 2.5gm (18,750 tracer spores per gram)
Lycopodium tracer spores

59

Note

NO POLLEN WAS RECOVERED IN THIS SAMPLE
DCD, Lab # - #400 | 4.0gm (12,500 tracer spores per gram)

Lycopodium tracer spores

4

Ustilago maydis

219

171,094

Asteraceae

1

781

100

The Arid West Cave Data Tables:
Table IV: Dietary Data Overview
Sample #

macrofossil components, sample sizes were
too small for meaningful quantification

TS 1119

very finely (<0.5mm) milled stems with grass

0.1gr

epidermis

TS 1120

masticated insect exoskeleton (orthopteran),

0.1gr

grass stems and caryopses

TS 1122

very finely (<0.5mm) milled maize and bone

0.1gr
TS 1125

coarsely milled (1-2mm) maize

0.5gr
TS 1127

Unmilled maize, coarsely milled (1-2mm)

0.5gr

maize, Lycium seed, cactus druse phytoliths,
animal hair

TS 1129

milled brown maize kernels, milled yellow

0.2gr

maize, fine fiber

TS 1130

Physalis seeds, milled yellow maize, dried

0.6gr

maize cupule base w/starch aggregate

TS 1131

milled maize, milled amaranth, trace of cactus

0.2gr

druse phytoliths

Table V: Non-Pollen Counts

101

TS 1119 0.1gr (125,000 tracer spores per gram) 551-643 AD
Lycopodium tracer spores
10
Microfossils per gram
Cactaceae druse phytoliths

3

37,500

29

362,500

Maize starch altered

8

100,000

Maize starch pristine

1

12,500

Multi-celled trichome

3

37,500

Raphide phytoliths bundles

2

25,000

Tracheid helices

16

200,000

Trichome, non-specific

14

175,000

38

475,000

3

37,500

Poaceae epidermis

morphology
Xylem
Yucca-like epidermis/cuticle

TS 1120 0.1gr (125,000 tracer spores per gram) 601-664 AD
Mostly sand and very few microfossils. Lignin tracheid rings were observed with one
trichome of non-specific morphology
TS 1122 0.1gr (125,000 tracer spores per gram) 568-552 ADD
Lycopodium tracer spores

6

Microfossils per gram

Lagomorph hair

1

Maize starch altered

209

Maize starch altered, cluster

1

20,833

Maize starch pristine

1

20,833

Tracheid helices

2

41,666

20,833
4,354,167

102

Trichome

1

20,833

Unknown starch

1

20,833

Xylem

9

187,500

Yucca-like epidermis/cuticle

2

41,666

Note Unknown starch

25um across, small hilum visible, spherical
TS 1125 0.5gr (25,000 tracer spores per gram)

Lycopodium tracer spores

5

Microfossils per gram

lignin tracheid rings

5

25,000

Macrosclereids

7

35,000

Maize starch altered

205

Maize starch pristine

3

15,000

Tracheid helices

2

10,000

Ustilago maydis

3

15,000

1,025,000

TS 1127 0.5gr (25,000 tracer spores per gram)
Lycopodium tracer spores

10

Microfossils per gram

Macrosclereids

22

55,000

Maize starch altered

236

590,000

Maize starch mass

1

Maize starch pristine

191

477,500

Maize testa fragments

12

30,000

Unknown starch cluster

1

2,500

Xylem

11

27,500

2,500

103

Yucca-like epidermis/cuticle

3

7,500

Note on unknown maize

Average diameter of each grain was 45um, 10 grains present

cluster

in the cluster
TS 1129 0.2gr (62,500 tracer spores per gram)

Lycopodium tracer spores

10

Microfossils per gram

Lignin tracheid rings

10

Maize starch altered

162

1,012500

Maize starch pristine

51

318,750

Xylem

1

62,500

6250

TS 1130 0.62gr (20,161 tracer spores per gram)
Only sand remained in the residue less than 0.25mm
TS 1131 0.23 gr (54,347 tracer spores per gram)
Lycopodium tracer spores

14

Microfossils per gram

Cheno am seed fragments

4

15,528

Degraded starch

1

3,882

lignin tracheid rings

2

7,764

Maize starch altered

117

Maize starch pristine

3

11,646

Plant epidermis, degraded

14

54,347

Tracheid helices

11

42,701

Xylem

58

225,152

Glochid

1

454,186

3,882

104

Unknown starch cluster

1

3,882

Grass Epidermis

2

7,764

Brassicaceae trichome

21

81,521

Cactus lignin tracheid rings

1

3,882

Table VI: Pollen Counts
***TS 1119 0.1gr (125,000 tracer spores per gram)
Lycopodium tracer spores

91

Ambrosia

3

4,121

Apiaceae

4

5,495

Artemisia

1

1,373

Ceroid cactus

8

10,989

Cheno am

1

1,373

Cleome

1

1,373

Fabaceae

1

1,373

Liliaceae

66

90,659

1

1,373

52

71,429

7

9,615

Pinus
Poaceae
Unidentifiable

***TS 1120 0.1gr (125,000 tracer spores per gram)
Lycopodium tracer spores

73

105

Ambrosia

1

1,712

Cheno am

1

1,712

Cleome

2

3,425

Liliaceae

43

73,630

Poaceae

4

6,849

Unidentifiable

4

6,849

Zea mays whole

1

1,712

***TS 1122 0.1gr (125,000 tracer spores per gram)
Lycopodium tracer spores

70

Ambrosia

1

1,786

Asteraceae low spine

1

1,786

322

575,000

Liliaceae

1

1,786

Poaceae

1

1,786

Unidentifiable

4

7,143

Ustilago maydis

1

1,786

Zea mays fragment

1

1,786

25

44,643

Cleome

Zea mays whole

***TS 1125 0.5gr (25,000 tracer spores per gram)
Lycopodium tracer spores

205

106

Liliaceae

79

9,634

Cleome

75

9,146

Cheno am

13

1,585

Shepherdia

9

1,098

Artemisia

6

731

Asteraceae low spine

3

366

Ambrosia

1

122

Juniperus

3

366

Quercus

1

122

Rhamnus, c.f.

2

244

Unidentibiable

20

2,439

Pinus

1

122

Poaceae

3

366

1,751

213,415

Ustilago maydis

TS 1127 0.5gr (25,000 tracer spores per gram)
Lycopodium tracer spores

420

Note

pollen was not recovered
TS 1129 0.2gr (62,500 tracer spores per gram)

Lycopodium tracer spores

255

Ambrosia

2

490

107

Cheno am

3

735

Cleome

47

Pinus

1

245

Zea mays whole

2

490

Note

In addition to the Cleome count, a large cluster of Cleome

11,520

from an anther was noted
Note

Sand dominated this sample. This count represents
examination of several slides.
****TS 1130 0.62gr (20,161 tracer spores per gram)

Lycopodium tracer spores

18

Cleome

207

231,852

**TS 1131 0.23 gr (54,347 tracer spores per gram)
Lycopodium tracer spores

60

Ambrosia

9

8,152

Apiaceae

9

8,152

Artemisia

2

1,812

Asteraceae low spine

2

1,812

Brassicaceae

1

906

Cheno am

20

18,116

Cleome

58

52,535

108

Fabaceae

3

2,717

Pinus

3

2,717

Poaceae

2

1,812

Sarcobatus

112

101,448

Unidentifiable

15

13,587

Zea mays whole

1

906

